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Businesses are typically dynamic, growing, evolving
entities, and thus their software needs change over time.
This being the case, software should be designed to allow for
easy refinement. In many cases this is not done, and cus-
tomers often find that starting from scratch is easier than
modifying an existing package, even for seemingly simple
changes. The requirement for flexibility is not only a
function of time varying needs, but also one of initial
specification inadequacies. Frequently a customer will not
fully understand his own needs until he has had a chance to
work with a system. If the system is built without
flexibility for change, then by the time he
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real izes the
inadequacy of the initial specifications, it is too late.
One of the primary needs for software today is in the
area of information storage and retrieval. Many businesses
are coming to need database management systems to handle
vast amounts of data, and the sheer size of these databases
makes the problems discussed above even more pronounced.
Because many consider database management the major bottle-
neck in software development, this will be the subject of
this paper.
The Reason for the Problems
The problems presented above derive from the fact that,
given the tools (higher level languages) most commonly used
to build software packages, it is a substantial jump to
generate a finished system. Put another way, the difference
between the finished product and the basic materials is
quite large.
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-14-
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* The resulting design tends to be complex (many pieces
with many interconnections). The complexity frequently
eliminates the possibility of understanding the entire
design at once. One must concentrate on only a portion
of the design at a time, making it easy to overlook
ramifications of decisions concerning that portion.
Thus bugs are likely to creep into the design.
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A Logical View of Data
The arguments presented above lead directly to the con-
clusion that the development of higher level tools is the
solution. If the gap from basic materials to finished pro-
duct is made small enough, the implementor could produce
straightforward, easy to modify, working systems much faster
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and at lower cost than ever before possible. To this end, we
require an understanding of the common functions of all
systems. Having restricted ourselves here to the area of
database management systems, the framework necessary is a
logical view of data or a theory of information. If we can
develop a model of real world information, then that model
would provide the basis or platform from which we could build
information systems.
Over the years, numerous models of data have appeared.
Some differ only in level of sophistication, one being a
subset of another, while others represent different approaches.
The next section shall highlight a few of the major models of
the past and present. The subject of this paper will be a
comparison of two of these views. It is important to emphasize
here that comparisons of this nature can rarely be definitive,
for the issues involved are highly subjective. One can merely
make arguments for or against a model with respect to assump-
tions of what it is that makes a model good or bad. In this
regard, one should always take care to explicitly state the
assumptions underlying the argument, for it is likely that
the assumptions will be the actual basis for agreement or
disagreement.
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The approach taken here to motivate the need for a
logical theory of data is not the traditional one. We
discussed the framework in terms of providing tools to
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History
The first big step on the road to a logical view of data
came with the concept of a simple sequential file. System
designers recognized that a typical data storage pattern
involved storing many items of the same type. Thus the term
record came into being to represent a single item, and a file
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records were meaningless
developed concerning
the contents of records
need for a theory of
ability to interpret the
From the computer'slike records.
contents of records was soon felt. Over the
models have appeared in the literature. The
most of these models fall into one of two ge
network or relational. One finds that this
delineates two camps, and there is an active
literature between them.
The CODASYL Data Base Task Group has be
advocating the network model. In 1962 they
developing, along with a standard model, a p
standard Data Definition Language (DDL) and
years quite a
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e way, many successful systems have
toward that
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In 1969, E.F. Codd of IBM Research in San Jose began
advocating the relational model.5 Its underlying goals are
similar to those of the network model, but the approach is
different.
We have not explicitly mentioned the hierarchical view
of data, despite its importance as a basis for some widely
used data management facilities (such as IBM's IMS). The
hierarchical model can be viewed as a subset of the network
model and has been found to be inadequate in representing
many real world information structures. For these reasons,
we will not consider the hierarchical model, even though it
does represent substantial current usage.
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Lang
end.
The Current Conflict
As mentioned above, the debate between networks and
relational advocates is currently quite active. This paper
will attempt to provide a framework for the comparison of the
two models, hopefully putting many of the current arguments
into perspective.
Because any comparison of this type is highly subjective,
there are many potential pitfalls to be avoided. A description
of several of these follows:
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medy the problem without altering
nce
the
underlying structure of the
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By and large, this paper avoids specific implementations
as bases for comparison of the two models.
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because the implementation is done, hopefully, only once.
It is interesting to note that this same fact has been
used by relational advocates to argue that the network
model is not a logical model of information but rather
is a technique for organizing the storage of physical
records. This paper will present the network model as a
logical model of real world information, and the fact
that it leads to straightforward implementation will not
be counted against it.
Presentation Strategy
The reader may detect a slant in this paper in favor of
the network view. Though the author does not deny a certain
tendency in that direction, the purpose of the paper is to
present a more objective framework for comparison. In each
point of comparison, an attempt was made to present the
arguments as fairly and with as little bias as possible. The
goal has been to find the better of the two models, if possible,
and not to merely defend one model on an emotional basis. The
slant is intended, in part, to overcome any subjective endoc-
trination the reader may have absorbed from the relational
literature.
The paper can be divided into four parts.
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1. Background (Chapter 2 and 3)
The network and relational models will be
to the extent necessary for our purposes.
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2. Comparison (Chapter 4)
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Chapter 2 The Network Model of Data
Introduction
As mentioned before, many database management systems
have been built on the network model of data. Looking,
however, at some of these individual systems, it is not clear
that there is a single model underlying them all. Each
designer seems to have his own interpretation or variation of
the central theme of the network model, and this makes difficult
the task of explaininq "the" network model, The model set
forth here represents the author's understanding of the central
concepts of the network model, and thus may be at odds with
other expositions. The bulk of the ideas and terms are those
presented by Bachman and his articles should be referenced
for further clarifications. 6 ,
7
,
8
Data versus Information
Before plunging into a discussion of the terminology and
concepts of the network model, it may be profitable to clarify
the difference between the terms data and information. A
data element is simply a value; for example, the number 27.
By itself it has no meaning. Information is interpreted data,
or an association. If 27 is the number of people in a par-
ticular class, then the data element 27 has taken on meaning,
and hence informational content, by virtue of its interpretation.
-25-
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Entities, Attributes, and Keys
All information exists with respect to objects
which shall be termed entities. Any concrete or ab
object can be an entity. For example, a person, a
color, and an idea are all entities. In a database
system, entities are the things about which we wish
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composed of all the attributes of the entity. Likewise, any
entity may have many keys. If this is the case, one is
arbitrarily chosen and deemed the primary key for use by
the system.
Entity Classes
As mentioned above, any concrete or abstract object can
be an entity. Two examples are the person Tom Smith and the
color red. Even though these are both entities, it is useful
to distinguish between them because the sets of attributes
describing them are different. Tom Smith, for example, would
not have the attribute wavelength, just as the color red would
not have a social security number. We thus define an entity
class to consist of all entities described by the same set of
attributes. There might be a person entity class with the
attributes name, age, and social security number, and a color
entity class with attributes color name and wavelength. We
thus have a scheme to classify all entities according to the
attributes that describe them. In some cases, the classification
of entities may be a matter of j
stances. For example, men and w
the same attributes. In one sys
to have one entity class for bot
sex. In another, it may be pref
class for each. A school
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likely combine men
and women into a single class whereas a medical database may
benefit by splitting them. The trade-offs of the application
will determine the appropriate dichotomy.
Associations Between Entities
To this point we have described a database to consist of
a group of unrelated entity classes. Each entity class is
separate and maintains the values of the various attributes
associated with the entities in a class. The one additional
type of information we might want to record is the association
between entities. Some typical examples are the associations
between:
* husband and wife
* teacher and student
* father and son
* company and employee
* assembly part and component part
Thus, instead of associations between an entity and an inter-
preted value, each side of the association is an entity. It
is the handling of this type of association that clearly
differentiates the network from the relational model. Any
other characteristics of one model, if beneficial, could easily
be incorporated into the other. It is, therefore, in this
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When an association nas two identical roles, they are said to
be symmetric; if A is the brother of B, then B is the
brother of A.
We have been treating an association as a single instance
of an association between specific entities. It now becomes
beneficial to differentiate between an instance of an
association and as association class comprising all instances
of a particular association type. For example, all instances
of associations between fathers and sons comprise the father/
son association class, just as all instances of person entities
made up the pers
Now, consid
moment, how many
same entity in o
association, ass
only appear in o
same is true of
association may
or a single woma
a single man may
association, and
association is t
company/employee
on enti ty
er ing
i nsta
ne rol
uming
ne ins
a wome
have a
n enti
take
the s
hus te
assoc
work for one company)
only
n ce s
class.
binary association classes for the
of an association class may have the
e. In the example of a husband/wife
a monogamous society, a single man may
tance of the association. Clearly the
n. Thus only one instance of an
single man entity in the husband role
ty in the wife role. Put another way,
part in only one instance of the
ame is true for a single woman. This
rmed one to one (1:1). Now, in the
iation (assuming a person may only
one company may occur in many instances
of the association, but each employee
-30-
may occur in only one
instance.
Moving on
This is ca
to the teac
lied a one to
her/student ca
many (1:n)
se, one te
associat
acher may
ma ny
asso
and
is a
may
students
ci ati on.
hence be f
many to m
be one to
The netwo
and
Like
ound
any
one,
rk m
henc
wi se
in
(m-,n
one
odel
provides directly f
associations only.
sounds. Take first
binary associations
higher degree. For
two binary associat
the same purpose.
one can derive the
As far as many to m
can be handled via
to many association
classes to be (m:n)
be
on
any
as
to
of
or the
This
the a
can a
found in
e student
instances
soci ati on.
many, or m
data, as e
storage of
is actually
ssociation
lways repre
example, in
ions, father/
By operations
associations
a
t
ny associati
he creation
is defined b
associated,
the
chi
on
maany
can
of
Th
any
xpre
one
not
degr
instances
have many
the associ
us binary
to many.
ssed in th
to many b
as restri
ee issue.
sent an
fathe
ld and
these
associ
of
teac
atio
asso
the
hers
n. This
ciations
iterature,
ry
ve as it
set of
on of
r/mother/child case,
mother/child, serve
two associations,
between mothers and fathers.
ons are
of a ne
etween
and the
operations to be defined shortly. This
entity class provides the needed many
capability. Unfortunately, there is n
to many association to handle the one
sense, a one to one association can be
-31-
concerned, they too
w entity class. A one
each of the two entity
new entity class via
"cross reference"
o many association
way to restrict a one
o one case. In one
considered a subset of
ion
h a
e l
ina
cti
A
ati
the o
But t
one r
omi ss
data
purpo
vi des
the b
ne
he
est
ion
mod
ses
on
as i
to many case, where many in
object would be to have the
riction, not the user. The
of one to one associations
el and hence its inclusion w
of this paper. In summary,
e to one and one to many bin
c capabilities necessary to
world associations.
handl
model
arti f
many
Many may
e many to
, and the
icial
to ma
concern. Con
is not associ
part of that
reference ent
as an artific
given explici
associations,
Thus the cros
enti
pupi
ties,
1/cla
consider the omi
many relations
use of a cross
ol utio
assoc
There i
tions whi
sider the s
ated with a
teacher's d
ity class,
ial means t
tly only a
may take o
s reference
would
ss enti
represen
ty is as
tudent/t
"whol e"
ay, the
which to
o handle
facility
n a real
entity
t the pu
sociated
ion of a d
result in
ference en
i rec
an
tity
however, a way
may help to ove
eacher example.
teacher, but r
class period.
this point has
many to many a
to handle one
logical meanin
between teacher
pil/class entit
with one stude
facility to
ncomplete
class to be an
to look at
rcome this
Any student
ather with a
Thus the cross
been described
ssociations
to many
a unto itself.
y.
nt
and
Ea
and
student
ch
one
teacher. Any student may be associated
-32-
with many pupil/class
each instance is one.
system enforce the one to
author contends that the
results in an incomplete
ill be assumed for the
a data model which pro-
ary associations possesses
handle all meaningful real
Any time there is a many to
many association, there is an underlying implication that one
of the entities on either side cannot be associated with
"all of" any entity on the other side.
The one to many binary association can be thought of as
directed because there is an asymmetry between the two roles
of the association. One role can have any entity only once in
all instances of the association class, whereas the other role
may have the same entity appearing in many instances. To
differentiate the two roles, the role in which an entity may
appear only once is called the member of the association and
the other is called the owner_. For example, the company
would play the role of owner with respect to the association
with member employees. These terms can apply equally to the
entity classes related by the associations (if distinct), or
to individual entities which constitute an instance of the
association. The reader should take care that conotations
of these terms do not interfere with the analysis of database
structure. The fact that companies do not "own" individuals
does not mean that their database counterparts should not.
Owner and member are purely technical terms to differentiate
the two roles in a one to many binary association.
The term key has a special meaning in connection with
associations in the network model, and we must revise our
former definition slightly. As used previously, keys served
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Standard Terminology
In the network model of a database
there is a file for each entity class.
file corresponds to one entity of the cl
of entities are stored in fields on each
associations between entity classes are
between the owner and member files.
management system,
Each record in the
ass. The attributes
record. The
directed relations
Data Structure Diagrams
A data structure diagram is a technique for depicting
graphically the files and relational structure of a database
The technique is quite simple, using only two symbols, a box
and an arrow. A box represents a file or entity class. There
is one box for each file in the database. An arrow represents
a relation between two files, pointing from the owner file to
the member file. With these simple tools we can represent
any complex database structure.
For example, the company/employee relation discussed
above would be depicted:
company
emplee
Figure
-36-
The relation (arrow) is frequently thought of as a chain.
Given any company we can go down the chain to find a partic-
ular employee; we can find the previous or next employee in
the chain for this company or we can find the company.
It is common practice, when possible, to place owner
files vertically above their corresponding member files.
Trees and Networks
Using data structure diagrams, we can explore the impli-
cations of various database
In the
one owner e
member role
most relati
structure.
to describe
teacher/stu
to make the
This is not
A data
by more tha
illustrate
several cla
mpany
ty orn
/employee
only one
structures.
database,
relation i
each st
n which
When Prh file in A da e
uden
it
t had
played
only
the
i s memehr of at
on, that database is said to have a s
Simple tree structures are frequentl
a real world information structure.
dent database into a tree structure,
assumption that each student has onl
commonly the case.
base has a network structure when any
n one relation. The teacher/student
a
s
netw
ses
ork.
us ual
model this information
adequate.
During
ly each
hool
a di
imple tree
y inadequate
To fit the
we would have
y one teacher.
file is
database
day, a student has
fferent teacher.
owned
wi 11
To
structure, the following diagram
-37-
teacher student
Figure 2
Each record in the pupil file represents a class period for
a particular
be class nam
student, we
associated t
teacher, we
associated s
All the
in the struc
possible to
in a manufac
Each part is
(it is an as
assem
files
that
a fil
student. Thus the
e, period number, a
could chain through
eacher (owner) reco
could chain through
tudent.
structure discusse
ture of the files.
store structure in
turing environment
either a detail pa
sembly). The parts
ies themse
hould not
ructure.
to record
1 ves
have
All
each
As the
to be cr
we really
instance
e
fields of the pupil
nd class room. Given
the pupil
rd.
the
Li kewi
pupil
d to thi
In a sp
the data
there mi
rt or is
of an a
product
ated or
need bes
of a use
file, finding
se, g
file,
s point
ecial ne
itself.
ght exis
made up
ssembly
structur
del eted
ide the
of one
iv en
fin
an
din
has e
twork
For
t a p
of o
might
e var
to ma
part
part
file might
any
the
the
xi sted
it is
example
art file
ther par-
be
ies, new
i n ta in
file is
in the
assembly of another.
file is related
Each record in this product strucutre
to two part records,
-38-
the assembly part and
the component part. Each part record may have many components
or be used in many assemblies. The following file structure
brings this together.
Product
Structure
Figure 3
Given any assembly part, we can travel down the component
chain. At each component record we find its owner via the
other chain (the component part record) and check it for
components. This double chaining between two files allows
us to store a network structure in the data itself.
To diagram the one to one relation, which we said would
be considered part of the network model for our purposes, we
need use only an arc instead of an arrow (directed arc). The
husband/wife database might appear as below.
Men Women
Figure 4
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The use of an arrow to indicate the direction of a one
to many relation has been, on occasion, a source of confusion,
for frequently it will be thought of as a pointer. This
results in the misconception that it is only possible to go
from an owner to its members via the relation. In the dis-
cussion of basic functions we noted that one requirement was
to be able to find the owner of an association given any
member. Thus is a sense we can traverse the arrow in either
direction; the arrow merely distinguishes the two sides of the
rel ati on.
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Chapter 3 The Relational Model of Data
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Goals
The relational theory was developed to overcome three
problems noted in many systems. Codd firmly asserts that
relational model is not a response to the network model, b
the first major paper discussess the problems in terms of
shortcomings of the network model, among others. 13
Whether these three problems were inherent in the network
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theory or merely outcomes of particular implementations is a
subject for later discussion. The three problems are those of
ordering dependence, indexing dependence, and access path
dependence.
Ordering dependence means that files and relations in
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The Model
The relational model is based upon abstract set theory.
It assumes a collection of pools of values called domains.
For example the sets of all possible names or colors or ages
or part numbers are all domains. A relation on domains Dl,
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Network
Department
Employee
File Attributes
Department
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Department manager #
Department name
Employee
Employee # (key)
Employee name
Employee age
First Normal
Relation Domains
Department
Department # (key)
Department manager #
Department name
Employee
Department # (key)
Employee # (key)
Employee name
Employee age
Figure 6
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Operations on Relations
Frequently it is necessary to perform operations on a
relation or a set of relations to extract the information
required by a query. These operations can be broken down into
those which operate on a single relation and those which
operate on more than one relation. Some are commonly found
in set theory and others are specifically devised for the
needs of a database system. The description of each below is
primarily taken from Codd. 1 6 , 1 7
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2. Restriction
This is a means of selectively removing tuples from
a relation based on a given test function. The
allowable test functions are the standard value
comparison tests <, <, =, /, >, >. A restriction on
R between domains A and B based on the test 0
can be expressed:
R[A 6 B] = {r:reR A (r[A] e r[B])}
Of course, A and B must be comparable types of value
i.e., both numbers or both character strings.
Multi-Relation Operations
1. Union Intersection Difference
These standard set operations apply
compatible relations, or relations
same domains. They are defined in
RJS {r:(rER V reS)}
R(\S {r:(rER A rcS)}
R - S E {r:(reR A rjS)}
2. Cartesian Product
This is also a standard set theory
R S _ {r s:(rER A sES)}
(r s means the concatenation of
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only to union
defined on the
the standard way.
definition.
tuple
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Second and Third Normal Form
A formal description of and motiva
third normal form can be found in Codd'
Normalization of the Relational Databas
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file, then the merged primary key from the owner will become
part of the primary key of the relation derived from the
member file. Consider the company/employee network diagram.
Company
Employee
Figure 7
Assume company number is the primary key of the company file.
Now there are two possible cases for the primary key of the
employee file. If an employee number is unique (i.e.,
social security number is used), then the primary key of the
employee file is simply the employee number. If on the other
hand employee number is only unique within a company, the
employee number and the company/employee relation constitute
the primary key of the employee file. If this network
structure were reduced (normalized) to the relational model,
then, in the case of the universally unique employee number,
the primary key of the employee relation would only be the
employee number. If, on the other hand, the company/employee
relation was also part of the employee file primary key,
then the resulting employee relation would need both company
number and employee number to make up its primary key.
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In the network model, the designer is forced from the
outset to consider the relationships between files. Before
he can begin storing attributes he must structure the database
to represent the relationships between entities in the real
world. With the overall picture in mind, he decides which
attributes are needed and where they should be stored. It
is difficult indeed to store an attribute in the wrong file,
the error almost stares you in the face. Although a series
of questions could easily be devised to check the validity of
each attribute, it is unnecessary because mistakes are rare
or nonexistent.
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exhibit a hierarchical ordering as depicted below.
Figure 9
A Cursor oriented language is one in which the user
specifies a step by step procedure for extracting the infor-
mation of interest. In the network model a procedure
specification to list the components of an assembly might
appear as follows.
Find part xx
Find first component of part xx
loop: If not found, go to done
Print quantity and component number
Find next component of part xx
Go to loop
A similar procedure would exist for the relational model 3 1
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Find first tuple of relation component
If no more tuples, go to done
If assembly Part number=xx
Then Print quantity, Component Part number
Get next tuple of relation component
Go to loop.
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two possible approaches to be taken in develop-
algebra. The first consists of analyzing usage
network cursor language and proceeding from
cond is to take the relational algebra as pro-
and modify it to fit the network framework.
irst approach is preferable
d in itself. If, however,
rt level with respect to th
lus, then the second scheme
of the resulting algebra o
scussed in the next section
through a network database
e certain queries. The str
ra, as modified here, will
if the resulting algebra is
the algebra is to play a
e development of a network
is preferable. The issue of the
r calculus is important. As will
, the common approach of following
is not powerful enough to
ucture of Codd's relational
take care of these problems.
Thus the second approach, modifying Codd's relational
to fit the network framework, will be used.
algebra
Access Path Navigation
Bachman has described the programmer's job as one of
navigating through the access paths of the network structure.
In most network systems, the user begins at the root of the
database and,following the arrows of the data structure
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diagram, defines a path to the
cases this works quite well, as
There is one kind of quest
which this navigation procedure
Fortunately for network users,
It will be denoted the "For all
database structure.
data he requires. In most
experienced by MITROL users.38
ion known to the author in
fails; there may exist others.
this type of question is rare.
" type. Consider the following
Figure
Now would one answer the query, "List all the suppliers who
supply all projects," by simply navigating via access paths?
(This is where division comes in handy.)
Extension to the Relational Algebra
Setting aside for the moment the one to one and one to
many relations of the network model, we see that the remaining
files and fields are direct counterparts of the relational
relations and domains. Thus we can start with the operations
of the relational algebra as a base. To handle the relations
we must add a new facility, the MERGE operation.
-74-
Let R and S be two
r and s are tuples
of R and S over T i
R &
where
s via
ne twork files related by relation T. If
from R and S respectively, then the MERGE
s denoted and defined
S = {r s:rER A
T(r,s) is true
relation T.
sS A T (r,s)}
if r is related to
This can be seen to be the counterpart of the na
the relational algebra. The notation given this
intended to clarify the fact that the MERGE can
a limited cartesian product. The operation is c
normalization of the two files.
To make the MERGE operation complete, we mu
notation to include the capability to merge seve
once. A straightforward extension
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2' then the notation is inadequate. To handle
of the basic tuple in the resulting merge
the merge relation will be placed under the
Also, we must have a way to differentiate
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Examples
To illustrate the use of the network algebra, consider
the following database.
W3 W4
Figure 14
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Symbol File Domain 1 Domain 2 Domain 3
supplier TID* Supplier # Supplier Name
R2 part TID Part # Part Name
R3 project TID Project # Location
R4 supply TID
R5 worker TID Worker # Worker Name
* Tuple Identifier
Figure 14 (cont'd)
The following queries will be
algebraic formulas required to
translated into the network
satisfy them.
* Find
supp
the
ly p
supplier
art 15.
numbers of those suppliers who
Wl
((R R
1
W2
O R2) [6 = 1] {15}) [2]
2
* Find the name of suppliers and the parts being supplied
by them (omitting those suppliers who are supplying no
parts at this time).
-78-
1(R1 Q
1
R4 0:
2
R2 ) [3,6]
* Find the workers on all projects supplied by supplier A.
Wi
((R
1
W
3
R4
2
W4
R3 0
3
R5 ) [3 = 1] {A})
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[9]
Chapter 6 A Network Calculus
Introduction
Just as with the network algebra, the network calculus
presented here will be a simple extension of the relational
calculus developed by Codd.39  The presentation will closely
follow his, but with the slight modification included.
Because the presentation given here is fairly terse, the
reader is suggested to refer to Codd's presentation for
clarification.40
The Extension
All that is necessary to convert
calculus to a network calculus is the
predicate constants W1, W2, W3 , ...
for each (network) relation in the da
development, they can be handled exac
predicate constants <, <, , / , >, >
take tuple variables as opposed to in
side. We shall follow the convention
shall appear on the left.
Codd's relational
addition of dyadic
to the alphabet, one
tabase. Throughout
tly as the dyadic
are, except that the
dexed tuples on eith
that the owner tupl
The Network Calculus
The alphabet for the network calculus is listed below.
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Indi vi dual constants
Index constants
Tuple variables
Predicate constants
monadi c
dyadi c
Logical symbols
Del imi ters
,a2,
2, 3
, r2, 5
PI P2 '
=, <, >
W1, W2 ,
3 , A
[] I )3
a3
'4
r 3
'3'
<,
W3 ,
)V)
There is a monadic predicate constant for each file
(relation) in the database, and P r is intended to mean
that tuple r is a member (row) of file j. P.r is called a
range term.
An indexed tuple, denoted r[n] where r is a tuple
variable and n is an index constant, is used to identify th
n th domain of tuple r.
If 6 is one of the dyadic predicate constants =, <, <,
>9 >, , and X and y are indexed tuples, then X6i and Xea
are called join terms. If e is one of the dyadic predicate
constants Wi, W2, W3, ... , and X and u are tuples, then AOi
is called a merge term. The only terms of the network
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e
calculus are range terms,
Codd's definition of
appl ies
1. Any term is a W
2. If r is a WFF,
3. If F , r 2 are W
4. If F is a WFF i
variable, then
5. No other formul
A ra
ter
free
ver
join terms, and merge terms.
a well-formed formulae (WFF) still
FF;
then so
FFs, so
n which
3 r(1")
ae are
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r oc
and
WFFs.
(Cr Al
curs a
Vr ()
"41
nge WFF is a quantifier free WF
Ms. A range WFF over r is a ra
variable. A proper range WFF
r such that:
s
2) and (r' V Pr 2)
a free
are WFFs;
F whose only terms are
nge WFF with r as the
over r is a range
'' occurs only after
if r is part of more
relations associated
union compatible.
A , and
than one
with the
range term, the
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Thus a proper range WFF over r cannot say
is not the source of tuple variable r. Li
a tuple variable can only be the files of
files which can be generated from them by
only that file S
kewise the range of
the database or
union, intersection,
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i
range
only
WFF o
and difference operations on union compat
A range-coupled quantifier is either
where F is a proper range WFF over r.
A range-separable WFF can be written
U 1A U2 A ...
ible pairs.
31"r or vrr
in conjunctive form
A U A
where
1 . n>1 ;
2. U1 through U are proper range WFFs over n
n
distinct tuple variables;
3. V is either null, or it is a WFF with the three
properties:
a. every quantifier in V is range-coupled;
b. every free variable in V belongs to the set
whose ranges are specified by U1, U2,
c. V is devoid of range terms." 4 2
To i
simple al
ncorporate the
pha expression
neede
has t
d projection capability, a
he form
(t , t2, ..
11
Un;
tk)
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where
1. w is a range-separable WFF of the network calculus;
2. t1, t2 , ... , tk are distinct terms, each consisting
of a tuple variable or an indexed tuple variable;
3. the set of tuple variables occurring in t,, t2 ' '''
tk is precisely the set of free variables in w.
An alpha expression i
if t:wI and t:w2  are
form
t: (w1
t: (w1
t: (w1
either a simple
pha expressions,
alpha
an e
expression,
xpression of
V w2)
A w2
Anw 2'
Examples
Assume the following database structure.
R2 Part
R, Supplier 2 W3  R3  Project
R4 Supply R5 Wo
Figure 15
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or,
the
Figure 15 (cont'd)
* Find the supplier number of those suppliers who supply
part 15.
r1 [1]:Pir, A P2r2 A
r2W2r4 A r2[1]
P4 r4 A (r1W1r4
= 15)
* Find the locations
supplied by
supplying no
of suppliers
them (omitting
parts at
and the parts being
those suppliers who are
this time).
(rl[31, r2[11) P1r P2 r2 A P4 r4
(r1W 1 r4 A r2W2r4 )
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Symbol File Attribute 1 Attribute 2 Attribute 3
R1  supplier supplier # supplier name location
R2  part part # part name
R 3 project project #
R 4 supply
R5 worker worker # worker name
* Find the workers on all projects being supplied by
supplier A.
r5[1] P1r A P4r4 A P3r 3 t P5r 5 A
(r [1] = A A rIW 1 rg A r3W3r4
A r3W4 r5
Reduction
The reduction algorithm presented by Codd is intended to
demonstrate that the relational algebra is "relationally com-
plete" and is not intended as a practical efficient translator
from calculus to relational algebra.43 Because the modification
we have presented is of such a-minor nature, we will not wade
through a parallel reduction algorithm for the network calculus
and algebra. Instead, we will present arguments considered suf-
ficient to convince the reader that such a parallel reduction ex-
ists, and move on to the more interesting question of efficiency.
The only modification we made to the relational calculus
was the addition of the dyadic predicate constants W,, W2'
W 3, ... These operated on tuples in an identical manner to
the way the other dyadic predicate constants (=,/,<,<,>,>)
operated on indexed tuples. By assuming that we will assign
each tuple in a file a unique identifier (as discussed in the
last chapter) and treating that as the first domain of each
tuple, then the extension we made to the restriction
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operation in the last chapter will handle the extension we made
to the network calculus.
To be specific, if we assume that the tuple identifier
domain is not assumed in the calculus level, but that the
cartesian product automatically prefixes it to the tuple,
then the following modifications need to be added to the
reduction algorithm.
Step 1.3
When
a ~1
a dyadic predicate constant W is preceded
, eliminate the , symbol and replace W by
Step 3
j-1
p4. =-(E (n. + 1)) + 1
S 1=1 1
Step 4 (rewriting rules)
5. (r W rk) ~S I-l
6. (r iI rk) j~1
(change)
Vk1]
Ek- ]
(add)
(add)
Optimization and Efficiency
It would be unfair at this point in the development to
declare that one model or the other is inherently more efficient.
Codd argues that the calculus level is a good starting point
for optimization, and this is likely to be true. The issue of
concern here is whether the network model or relational model
leads to more efficient execution.
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Chapter 7 Summary
Conclusions
Once again, the subjective nature of a comparison of this
type must be stressed. Any conclusions drawn must be phrased
in terms of the issues discussed. The relevancy and importance
of the topics chosen for study here are matters for the reader
to evaluate. The author made an attempt to cover the areas of
concern most frequently found in the literature, and this may be
some basis of argument for the relevancy of the topics. It is
the author's personal opinion that the discussion has hit many
of the important issues and has done so with a viewpoint not
commonly found in current debates.
Based on the five viewpoints chosen for comparision, all
but the casual user point of view leaned toward a preference
for the network model; for the casual user it was a draw. This
is perhaps an appropriate point to emphasize that all aspects
of the network model used for the comparisons are not, to the
author's knowledge, to be found in any published exposition of
the model. Some may argue that this makes the comparisons in-
valid, but the author contends rather that looking at each model
in terms of its ultimate possibilities makes the comparison
more meaningful, if the goal is in fact to choose the best
approach. Rather than focussing on correctible deficiencies
in a current model, we have tried to look at the underlying
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Further Research
This paper has touched on several ideas wh
themselves make interesting bases for research.
this paper was much too broad to cover many of
detail. A few of these are suggested below.
ich would
The scope of
them in any
* The whole concept of keys in the
source of problems in several im
tioned in Chapter 2, keys serve
network model, ordering and iden
a relation, and identification o
the hierarchical model of data,
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network model
plementations.
two functions
tification of
f records in a
out of which t
is a
As men-
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members of
file. In
he network
An attribute of
model evolved, this duality of function caused no problems.
It is the potential for multiple access paths to a record
that spawns the problem, and the duality of function
should thus be clearly separated. How this can be done,
and its impact on current use of the network model would
be an interesting study.
* As mentioned in Chapter 2, one to many binary relations
can be used to represent many to many and n-ary
relations. A mathematical formulation and proof of
this assertion could prove interesting. Also the
need for one to one relations alluded to could be
verified..
* A psychological study of the "teachability" of the two
models could help to reinforce or quell many arguments.
* Many of
algebra
mati cal
the ideas presented in developing the network
and calculus could stand a more formal, mathe-
treatment.
* Techniques
rel ational
significan
for optimi
calculus i
t practical
zation of both the network and
n the reduction process would be of
value.
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* Any comparisons of the two models on terms other than
those presented here would help to round out the picture
and fill in the gaps. These should not have any of the
pitfalls discussed in the introduction.
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